Abstract: Background. Cancer in childhood is rare, but nevertheless one of the most frequent causes of disease related death. Initial symptoms are often unspecific, frequently leading to a delay of cancer diagnosis. As a timely diagnosis can be crucial for the clinical outcome, our aim is to point out when unspecific symptoms should be considered suspect of being associated with specific cancer entities. Data sources. A systematic literature research in PubMed and current biliographies, as well as an evaluation of published epidemiologic data was performed. Results. This article reviews the typical presenting features and epidemiologic characteristics of the more common childhood malignancies, elucidates when specific and virtually unspecific symptoms require further evaluation, and gives advice how to start a rational diagnostic workup. Furthermore, genetic syndromes requiring increased watchfulness for cancer in childhood are demonstrated. Conclusion. Patients showing suspect symptoms should early be referred to specialized centres to assure optimal diagnostic and therapeutic capabilities.
Introduction and general characteristics of childhood malignancies
Diagnosing childhood cancer in early stages can be challenging. Cancer in childhood is rare ( Figure 1, Figure 2), but nevertheless the second common cause of death in western countries within the age range of 1-14 years behind fatal accidents [1] . In German children younger than 15 years, the incidence amounts to 15,9 /100.000, with a slightly higher overall morbidity of boys compared to girls [2] .
As associated symptoms are often unspecific, more common non-malignant conditions can alternatively be suspected, and lead to a delay of the cancer diagnosis (Table 1) .
Moreover, increasing patient's age, increasing parent's age, low educational level of the parents, number of times a child visits a physician and the fact of first visiting a general practitioner instead of a pediatrician positively correlate with a delay of the correct diagnosis. Most commonly, this proves true for brain tumors, bone tumors and lymphomas (Table 2 ) [3] .
Figure 1.
Age-and sex-specific incidence rates per 100.000 children less than 15 years in Germany (2003) (2004) (2005) (2006) (2007) [2] Cent. Eur. J. Med. • 8 (6) • 2013 • 697-706 DOI: 10.2478/s11536-013-0226-x dependent incidence rates can be very helpful and should be integrated into the diagnostic considerations ( Figure 3 ).
Typical features of specific malignancies
Leukemia is the most frequent malignancy in childhood ( Figure 2 ). Initial Symptoms are often caused by bone marrow infiltration resulting in pancytopenia. Clinical signs include pallor and fatigue (caused by anaemia), petechiae, ecchymosis and mucosal bleeding (caused by thrombopenia), infections (caused by leucopenia) and bone pain (caused by bone marrow hyperplasia). General symptoms like fever and weight loss occur frequently. As musculoskeletal symptoms like pain and joint swellings oftentimes appear prior to blasts in peripheral blood, rheumatic diseases can be imitated. Malignancy should particularly suspected if WBC < 4
However, occurrence of the following symptoms are early danger signals of childhood cancer: Sudden, otherwise not explainable weight loss, (occipital) headache and fasting vomiting soon after waking up, increasing swelling or space occupying lesion of a body region, persistent pain of a body region, persistent relieving posture of a body region, persistent/ recurrent fever, prolonged fatigue and exhaustion without infectious cause, pronounced haematomas and bruising, sudden blurring of vision and leukocoria [1, 4, 5] .
Persistence of single unspecific symptoms or occurrence of multiple suspect symptoms should tempt the clinician to initiate rational further investigations (Table 3 ). Optimally at this point of time, we suggest primary care physicians seeking oncology consultation at specialized centres to achieve optimal diagnostic and therapeutic efficiency [6] .
As a matter of principle, all malignancies can occur at any age. However, there is a clear predilection of the most frequent childhood malignancies occurring in certain age groups. Knowledge of the age-and sex Gpt/l, Plt < 150-250 Gpt/l and nocturnal bone pain are present. Coincidence of those three parameters is predictive of childhood ALL with a sensitivity of 100% and a specificity of 84% [7] .
The third most prevalent tumors of childhood are lymphomas ( Figure 2 ). The clinical presentation varies depending upon the type of lymphoma and the areas of involvement. Some behave indolently with slow growing lymphadenopathy, hepatomegaly, splenomegaly, or cytopenias, whereas agressive lymphomas commonly present acutely or subacutely with a rapidly growing mass, systemic B symptoms (i.e. fever, night sweats, weight loss), and/or elevated levels of serum lactate dehydrogenase and uric acid. [8] . Non-Hodgkin-Lymphomas represent about 60% of lymphomas in childhood, of which barely 1/3 are localised intraabdominal [9] . Guiding symptoms include abdominal pain, ileus, palpable masses or (secondary) invaginations.
Tumors of the central nervous system (CNS) are the second most common malignancies in childhood and characterized by heterogenic guiding symptoms that are mainly dependent on the localisation of the primary tumor and the patient's age (Table 4 ). More than half of all brain tumors do not show any signs of increased brain pressure [10] . Nevertheless, headache is a very common symptom leading to consultation of a primary care physician. European studies revealed a lifetime prevalence of headache in 36,5-58,7% of school-children [11] and in a Brazilian study, even 93,2% of the included adolescents stated headache-experiences, thereof 9,9% within one week before data collection [12] .
In order to decide which child needs to undergo neuroimaging investigations, a precise neurologic examination can be crucial. Retrospective studies among 72 children presenting with secondary headache caused by brain tumors revealed, that 94% had noticeable neurologic or ophthalmologic abnormalities. In 84% these abnormalities had raised up within 2 month after onset of the headaches [13] . In a multivariate analysis, sleep related headache and negative family history of migraine have been defined as strongest independent features predicting the existence of a intracranial spaceoccupying lesions in children. Other predictors included vomiting, absence of visual symptoms, headache of less than 6 months duration, confusion, and abnormal neurologic examination findings. A positive correlation between number of predictors and risk of existing tumor was noted [5, [14] [15] [16] .
Neuroblastoma is the most common solid extracranial tumor in childhood. About one half has its origin in the adrenal glands, 25-30% along the abdominal and 15-20% along the cervical sympathetic chain. Typical symptoms are caused by the localisation of the primary tumor and the metastases. Tumors of the sympathetic chain can present as hourglass tumors, causing paraplegia. Abdominal tumors may be palpable and/ or [4, 17] or diarrhea in case of VIP-secreting tumors [17] are associated symptoms.
Signs of intraabdominal space-occupying lesions in general can be an ileus or symptoms like abdominal pain, vomiting or constipation. It is not unusual, that relatives of the child recognize a visible tumor. If an intrabdominal tumor is suspected, a rational basic imaging and laboratory diagnostics is suggested: Radiologic imaging obligatory primarily includes a sonogram of the abdomen. If clinically indicated, a plain abdominal radiograph and MRI-or CT-scan of the abdomen should optionally be performed. Obligate laboratory studies comprise a complete blood count with differential, Electrolytes (including calcium, phosphorus), blood urea nitrogen, creatinine, transaminases, lactate dehydrogenase, lactate, erythrocyte sedimentation rate, c-reactive protein and urinanalysis. Optional laboratory parameters include ferritine, neuron specific enolase, serum ß chorionic gonadotropine, serum alpha-fetoprotein, urine homovanilic acid and urine vanillymandelic acid [18] .
The patient's age can be one of the most distinguishing characteristics when approaching to possible aetiologies of the existing mass (Figure 3) . In neonates, barely half of the palpaple abdominal tumors originate from the genitourinary system. The most common abdominal masses of this age group are benign, and represented by hydronephrosis and multidysplastic kidney [19] . Mesoblastic nephromas are the most frequent solid tumors of the first three month of life. Symptoms like the palpable mass per se, or rarely haematuria or paraneoplastic syndromes like hypercalcaemia and hypertension can be indicating [20, 21] . Compared to the newborn child, the incidence of malignant tumors increases with accelerating age. The initial finding in 61,6% of neproblastomas is an asymptomatic, space occupying, intraabdominal mass. 15,1% are noticed because of haematuria, 9,2% are diagnosed on a preventive medical check-up [22] . Signs of compression of surrounding structures are represented by unspecific abdominal symptoms, sinistral hydrocele and arterial hypertension, and are less frequent initial symptoms. Due to the retroperitoneal localisation, some nephroblastomas become very large before being recognized. There is a risk of tumor rupture, worsening the prognosis. Except for this condition or tumor haemorrhage, tumor-pain per se occurs very rarely [18] .
Hepatoblastoma is the most common malignant tumor of the liver in children. The children may present in a good clinical condition, guiding symptom is most commonly a large palpable mass. Unspecific abdominal disorders as lack of appetite, abdominal pain, vomiting and loss of weight can come along with progression of the disease. Pubertas praecox can rarely be a sign of disease in small children. Alpha-Fetoprotein in Serum is elevated in >90%. Characterization of the mass requires a magnetic resonance imaging (MRI) scan or computed tomography (CT) [23] .
Common symptoms of mediastinal masses include persistent cough, dyspnea and stridor, and are caused by compression of the respiratory tract [24] . Jugular venous distension can be recognized when superior vena cava is compressed by the tumor mass. Adjacent structures like recurrens nerve can be affected, causing hoarseness. Other patients only complain unspecific signs of illness without obvious abnormal thoracal findings. Finally, most mediastinal masses are diagnosed by chest x-ray. The lateral projection radiography defines if the mass is localized in the anterior, medial or posterior thoracic compartment, and gives a valuable clue about the possible tumor entity: Tumors of the anterior mediastinum comprise lymphomas, germ cell tumors, thymomas, hemangiomas, parathyroid adenomas, lipomas, aberrant thyroids and lymphangiomas. Tumors of the middle mediastinum include lymphomas, granulomas and hamartomas. The most common tumors of the posterior medastinum are represented by lymphomas and neurogenic tumors [25] .
Neurogenic mediastinal tumors in turn constitute a subgroup of very heterogeneous cellular origin, determined by their anatomic origin, that may help narrowing down the possible diagnoses before performing the tumor biopsy: Neuroblastomas, ganglioneuroblastomas and gangliomas derive from sympathetic ganglia cells. Paragangliomas originate from paraganglia cells, whereas neurofibrosarcomas, neurofibromas and neurilemomas arise from intercostal nerve cells.
All in all, the most frequent mediastinal tumors are lymphomas, followed by germ cell tumors [25, 26] .
Germ cell tumors (GCT) are a very heterogenous group of tumors, comprising biologically different tumors, such as teratoma, malignant germinoma, embryonal carcinoma, as well as yolk sac tumors and choriocarcinoma. The clinical characteristics and initial symptoms differ depending on the tumor site and histology [27, 28] . A study of a german cohort of 1442 children shows, that most GCT arise in the ovary (29,3%), followed by the CNS (20,9%), the sacrococcygeal region (19,3%), the testis (17,3%), the mediastinum (4,3%), the retroperitoneum (3,5%) and other extragonadal sites such as head and neck-region and the vagina (5,4%) [27] . However, the most frequent space occupying lesions of the ovaries are benign cysts, preferentially occurring in adolescents. Germ cell tumors must be excluded in any case, in particular if solid structures are apparent [29] .
Diagnosis of GCT is established by histology, but a subgroup can be diagnosed by evaluation of specific tumor markers alone. Alpha-Fetoprotein (AFP) is secreted by yolk-sac-tumors, ß-human chorionic gonadotropin (ß-HCG) is secreted by chorioncarcinoma cells. Both tumor markers are detectable in serum and/ or cerebrospinal fluid [30] .
Rhabdomyosarcoma is the most common soft tissue sarcoma in childhood. The symptoms are determined by the ubiquitous possible localisation. They comprise pain and loss of function of the affected organs, e.g. constipation and urinary retention when localised in the small pelvis. In other body regions, not uncommonly a tumor mass can be noticeable without affecting the child's general condition at this point of time [4, 18] .
72% of the patients affected by osteosarcoma or Ewing sarcoma consult a doctor because of directly tumor-associated symptoms. These include regional pain as a single symptom in 70-72% of all cases, or regional pain combined with a palpable tumor in 15-25%. Only 4-11% do not complain any pain. The tumor-pain is exercise-induced in 85%, and only in 19-21% sleeprelated (Figure 4) . Suspecting the diagnosis of a bone tumor during first consultation takes only place in 19-31%. Most common false diagnosis is a tendinitis in 21-31% [31] . In any case of doubt, diagnostic imaging and laboratory tests should be performed. Lactatdehydrogenase (LDH) is a very important parameter distinguishing benign and malignant lesions. In case of malignancy LDH is frequently elevated whereas in case of rheumatic disorder, LDH levels are often measured below standard values [32, 33] .
Cancer associated syndromes
A subgroup of children develops cancer caused by an inborn condition, that includes germ line mutations as well as new mutations like point mutations and chromosomal aberrations (Table 5 ). In case of known mutations close meshed preventive examinations should be scheduled, aiming to diagnose the disease as early as possible and to improve the prognosis. In some cases, known mutations allow for performing preemptive therapeutic interventions [7, 34] .
Conclusion
Childhood cancer is rare and occurs with in less than 1/6000 children younger than 15 years [2] . Initial symptoms are often unspecific and can suggest alternative diagnoses that do not necessarily afford further evaluation and therapy immediately. By means of thoroughly assessing anamnesis and clinical findings, empiric occurring characteristics of potentially underlying cancer diseases can be figured out. That may reduce the risk of delaying timely diagnosis and subsequently improve the therapeutic outcome. Children with suspected malignancy should early be referred to specialized centres to assure optimal diagnostic and therapeutic capabilities. However, further studies are necessary to specify the definite impact of diagnosis delay on the prognosis of children with cancer [3] . 
